ABSTRACT. Bovine dilated cardiomyopathy (DCM) is an autosomal recessive genetic disorder causing congestive heart failure and subsequent death. Recently, a nonsense mutation c.343C>T in the bovine optic atrophy 3 (OPA3) gene had been reported to cause the DCM in Holstein cattle in Switzerland. However, the mutation has not been confirmed in bovine DCM outside Switzerland. Nine Holstein Friesian cows that were macroscopically and histologically diagnosed with or suspected of DCM and 12 control cows kept in Japan were tested for the mutation. The mutation surrounding OPA3 DNA fragment was amplified by PCR and subjected to direct sequences. The homogeneous c.343C>T mutation was proved to occur in all the affected cows and not in the control cows. The present study is the first report of the mutation in the DCM affected cows outside Switzerland.
Bovine dilated cardiomyopathy (DCM) is a primary myocardial disorder causing congestive heart failure and subsequent death [3, 7, 13] . It has been reported in HolsteinFriesian cattle worldwide [2, 6, [8] [9] [10] , including Japan [7, 14] . Although pedigree analyses had indicated an autosomal recessive mode of inheritance [6] , the causative gene had not been detected for a long while. Recently, the nonsense mutation c.343C>T in the bovine optic atrophy 3 (OPA3) gene has been reported to cause the DCM in Holstein cattle in Switzerland [15] . In brief, the 115th triplet of OPA3 transcript variant 2 cDNA normally consists of cytosine, adenine and guanine, and codes glutamine. When the first base of the triplet, corresponding to 343th base of the mRNA, substitutes thymine, the triplet converts to nonsense codon, which is thought to lead to nonsense mediated decay of OPA3, and finally cause DCM [15] . In Japan, an autosomal recessive mode of inheritance of DCM had been reported [7] ; however, the causative gene has not been confirmed. The aim of the present study is to make sure whether the same gene mutation occurs in the cattle affected with DCM in Japan or not.
A total of 9 Holstein Friesian cows that were diagnosed with or suspected of DCM, were selected from the past case collections of our laboratory (Table 1) and tested for the OPA3 gene mutation. According to the following criteria that were described as characteristic lesions of DCM; dilated chambers ( Fig. 1A) , hypertrophy and occasional vacuolation of cardiac muscle fibers with interstitial fibrosis and edema (Fig. 1B) [7, 12, 13] , the case Nos. 3-9 were definitively diagnosed with DCM, and the case Nos. 1 and 2 were suspected of DCM but definitive diagnoses were suspended owing to their age: they were younger than common age at onset between 2-3 to 5 years [2, 7, 9, 13, 15] . All the affected cows were bred in Hokkaido prefecture and admitted to Obihiro University of Agriculture and Veterinary Medicine from June 1995 to April 2012. The detailed histopathological and ultrastructural studies of the 4 cows (Nos. 5, 6, 8 and 9) were previously reported in 2001 [7] . Also, the clinical symptoms and histopathological features of the case No. 1 were reported in 2014 [11] . DNA from 7 frozen myocardial samples (Nos. 3-9) and a formalin fixed paraffin embedded sample (No. 2) were isolated using Nucleospin Tissue (MachereyNagel, Düren, Germany). DNA from a blood sample (No. 1) was isolated using Nucleospin Blood (Macherey-Nagel). Exon 2 of OPA 3 gene surrounding c.343C>T mutation was amplified by PCR with OPA3_v2 forward (5′ CTG CAG CTC CTC CAG GTC) and OPA3_v2 reverse (5′ CCT GAA CGC ACA ACC TGA C) primers [15] . The PCR amplifications were performed in 50 µl reactions using 1 µl of DNA template, 5 µl of 10× PrimeSTAR GXL buffer, 0.2 mM of each dNTP, 12.5 pmol of each forward and reverse primer, and 1.25 U of PrimeSTAR GXL DNA polymerase (Takara Bio, Otsu, Japan). The thermal cycling profile consisted of an initial denaturation step at 98°C for 5 min, followed by 30 cycles of 10 sec denaturation at 98°C, 15 sec of annealing at 65°C and a 25 sec extension at 68°C. The presumed length of the PCR product was 354 bp. After confirming the length of the PCR products by agarose gel electrophoresis, they were purified using PCR clean-Up Gel extraction (Macherey-Nagel). Direct sequencing of the purified amplicons at a commercial laboratory (Hokkaido System Science Co., Ltd., Sapporo, Japan). The DNA sequences were analyzed using Sequence Scanner Software Version 2.0 (Applied Biosystems). The blood samples of 12 cows without heart failure were also subjected to the test (Table 1) .
The sequencing analysis revealed a G>A mutation at the 117th base of the PCR-amplified DNA fragment in the present DCM-affected cows (accession number LC033513) (Fig.  2) in comparison with the control cows and a normal genomic DNA sequence, which was quoted from Bos taurus breed Hereford chromosome 18, alternate assembly Btau_4.6.1 (NC_007316.5). The 117th locus was a corresponding locus to the 343th base of a bovine OPA3 transcript variant 2 mRNA, and a G>A mutation at the locus was corresponding to C>T mutation on the mRNA. Therefore, the revealed mutation was the same gene mutation in DCM-affected cattle in Switzerland [15] . No overlapping wave forms at the locus. Control cows had no mutations. Thus, the present DCMcows were the 343TT genotype, and control cows were the 343CC genotype. No other mutation was found in other regions of amplified DNA fragment.
The c.343C>T mutation in OPA3 gene has been reported as the causative gene mutation of bovine DCM [15] . However, the mutation was not reported outside the Switzerland. The present study revealed the same mutation occurred in the DCM-affected cows in Japanese herd of Holstein Friesian cattle. Despite that the pathological characteristics of DCM had been well described in previous reports [7, 12, 13] , we sometimes encountered a difficult case for definitive diagnosis, especially in the young cases, such as case Nos. 1 and 2, because the histological features are not critically specific to the DCM. Taking into account that all the DCM-affected cattle in Switzerland and Japan had the same point mutation, the causative gene defect of bovine DCM may be the c.343C>T mutation of OPA3, and the present direct sequencing test of the OPA3 mutation locus will be the important diagnostic criteria for the DCM. In addition, the sequencing method is reported to be applicable to carrier detection [15] : the 343CT genotype shows overlapped wave of cytosine and thymine at the locus by the sequencing analysis. A suspected carrier was not found in the present study. On the other hand, it was likely that un-detected carrier might exist in the Japanese herd of cattle and bear the 343TT genotype rather than discontinuous variation happened to make the genotype. The direct genetic test may facilitate surveillance of the mutation within the cattle population in Japan.
OPA3 is one of the genes related to human hereditary optic atrophy and is reported to be the causative gene of the type III 3-methylglutaconic aciduria, which is a neuroophthalmologic syndrome in human, also known as Costeff optic atrophy syndrome [1] . In experimental animals, a mutant mouse carrying a missense mutation in the OPA3 gene is generated and reported to develop DCM-like cardiomyopathy [5] . According to the previous reports, the OPA3 protein was mitochondrial membrane associated protein in human [16] and rodent [4] , and was indicated to have a crucial role in fission [16] . Ultrastructural abnormality of mitochondria within the myocardium also had been reported in the DCM- affected cows [7] . Furthermore, the 4 cows, which were described in the report [7] , were proved to be 343 TT genotypes in the present study. Although the relationship between OPA3 and mitochondria is not clear, the function of OPA3 may be an important key to investigate the bovine DCM. 
